Analysis of the hydrodistilled essential oil of the aerial parts of Chersodoma argentina Cabrera by GC-MS and NMR spectroscopy revealed that over 80% consisted of monoterpene hydrocarbons such as α-thujene, α-pinene and β-pinene. Contact and headspace volatile exposure assays of the essential oil demonstrated antifungal activity against Sclerotinia sclerotiorum, Sclerotium rolfsii and Rhizoctonia solani with the contact assay showing greater activity than the headspace assay. Herbicidal activity was shown by reduced root growth of Allium porrum, Solanum lycopersicon and Sorghum halepense in both assays.
The genus Chersodoma (Asteraceae) includes 9 species which occur exclusively in the Andean Cordillera [1] of which C. argentina Cabrera, C. candida Phil., C. glabriuscula (Cabrera), and C. jodopappa (Sch. Bip. ex Wedd.) Cabrera, grow in Argentina [2] . The aerial parts of C. argentina have been used in traditional Argentinian folk medicine mainly as an infusion for diseases of the nervous system [3, 4] . A single report [5] exists on chemical constituents of the essential oil of C. argentina. As part of a continuing research program on Argentinian medicinal plants, the chemical composition of the essential oil from the aerial parts of C. argentina, as well as the evaluation of this oil for its herbicidal and antifungal activities, was examined.
GC-MS, NMR ( 1 H and 13 C) and retention index (RI) data identified 12 components of the oil (Table 1) with α-thujene being the most abundant. Isovaleric acid, previously identified in the essential oil of aerial parts of C. argentina, [5] was not found. This essential oil composition is consistent with reports that monoterpene hydrocarbons are major components in the essential oils of other species of Senecioceae [6] [7] [8] .
Antifungal tests of the essential oil of C. argentina revealed that the contact assay showed higher inhibition than the headspace volatile assay ( Table 2) . No antifungal activity against Sclerotinia sclerotiorum was observed in the headspace volatile assay, whereas, in the contact assay it showed significant inhibition (49.3 and 80.3%) at both tested doses. In either assay, only the highest dose tested (20 µL/Petri dish) significantly inhibited the growth of Rhizoctonia solani, completely so in the contact assay. Similarly, the growth of Sclerotium rolfsii was markedly inhibited (77.6 and 93.4%) at the tested doses in the contact assay, but only showed significant inhibitory effect (64.2%) at the highest dose tested in the headspace volatile assay.
The herbicidal activity of the essential oil of C. argentina was evaluated by examining its effect on the root growth and germination of two crops, Solanum lycopersicon and Allium porrum, as well as on the weed Sorghum halepense. In both contact (Table 3 ) and headspace (Table 4 ) assays it reduced the root growth of test plants. In the headspace assay the herbicidal activity on the crop species was lower than on the weed S. halepense. As with the antifungal assays the inhibitory effect was higher in the contact than in headspace assay except for S. halepense. The seed germination of these species was insensitive to the essential oil of C. argentina, except for S. halepense at the highest dose in the contact assay (31.6%). Table 1 known to inhibit fungal growth, seed germination and/or radical elongation include α-pinene [9] [10] [11] , β-pinene [10, 12] , and limonene [12] [13] [14] [15] , but other compounds present might also contribute to this activity. Although the herbicidal mechanism was not investigated, monoterpenes are NPC Natural Product Communications phytotoxic by causing anatomical and physiological changes in seedlings that lead to an accumulation of lipid globules in the cytoplasm and reduction in some organelles, such as mitochondria, possibly by inhibiting DNA synthesis or disrupting membranes surrounding mitochondria and nuclei [10, 16] .
Compounds in
The estimation of the antifungal and phytotoxic properties of the essential oil of C. argentina is influenced by the test method, probably due to differences in the concentration of compounds in the contact and headspace techniques [17, 18] .
The present study is the first to report antifungal and herbicidal properties of the genus Chersodoma. Until now, only antitrypanosomal and antileishmaniasis activities of extracts of C. jodopappa, have been reported [19, 20] .
Experimental

Plant material and isolation of essential oil: Aerial parts of
Chersodoma argentina Cabrera (Asteraceae), were collected at the flowering stage in March 2010 in Salta, Argentina. The identification was carried out by Ing. Julio Tolaba. A voucher specimen (nº 5808) is on deposit at the Museo de la Facultad de Ciencias Naturales, Universidad Nacional de Salta, Salta, Argentina. A dried and ground plant sample (500 g) was hydrodistilled in a Clevenger-type apparatus for 4 hours to yield 2.5 g (0.5%) of essential oil. .
GC-MS analysis:
The essential oil was analyzed using a Perkin Elmer Clarus 600 GC-MS equipped with a DB-5 capillary column (60 m, 0.25 mm, 0.25 µm) with an oven programmed at 60°C for 5 min, 5°C/min ramp until 240°C, then 10 min at 240°C using helium as the carrier gas at a constant pressure of 49.6 psi. Detection was in the EI mode (ionization energy 70 eV; source temperature, 200°C).
The acquisition was made in scan mode (m/z range 50-350, scan time: 0.25, inter-scan time: 0.1 s). Diluted samples (1/100, v/v, in EtOAc) of 1.0 µL were injected in the split mode (split ratio 20/1). The constituents were identified by comparing their retention indices and mass spectra with those stored on the NIST 02 library and the literature [21] . Retention indices were determined in relation to a homologous series of n-alkanes (C 7 -C 16 on DB-5) under the same operating conditions. The percent composition of the essential oil was calculated by comparing the area of the GC peaks.
NMR Spectroscopy: NMR spectra were recorded on a Bruker Avance 400 ( 1 H at 400 MHz and 13 C at 100 MHz) spectrometer with TMS as internal reference. The sample was dissolved in CDCl 3 . 1 H NMR and 13 C NMR analyses were performed on the whole sample, without any previous fraction. The identification was based on comparison of the signals in the oil spectrum with reference spectra compiled in the laboratory spectral library and the literature [22] [23] [24] .
Fungal species and antifungal activity assays:
The test fungi were field isolates maintained on potato dextrose agar (PDA) plates (Sclerotinia sclerotiorum, Sclerotium rolfsii, Rhizoctonia solani). Inoculated plates were sealed with parafilm and incubated at 20°C until confluent growth across the agar surface had occurred. Plates were then stored at 4°C. Antifungal activity was determined by contact and headspace volatile exposure assays. In both assays the oil samples and controls were randomly arranged.
Contact assay:
Solutions of essential oil were prepared at different concentrations, using DMSO 5% (v/v) as solvent. Mixtures with 20 mL of PDA (heated to 40ºC) and 5 mL of the solution were prepared. Glass Petri dishes (Ø= 50 mm) with 5 mL of the corresponding PDA mix were closed and preserved at 4ºC. Two controls were used, one with DMSO 5% v/v to determine the potential effect of the solvent, and the reference (fungal species in PDA without any additives), to determine the normal growth of the fungus [25] . At the center of each dish was placed a 5 mm diameter disk of fungal species that had been cultivated for not less than 7 days. Then, the plates were sealed with polyethylene film and incubated in the dark at 22 ± 2°C [26, 27] . Final concentrations were 10 and 20 µL essential oil/Petri dish. Five replicates were prepared for each treatment. The colony diameter was measured after 3 days for S. sclerotorium and S. rolfsii, and after 7 days for R. solani. The percentage inhibition of growth was calculated for each colony according to the following formula: % Inhibition= [(C-T)/C] x 100 where C is the average diameter of the colonies of control (DMSO 5% v/v), in mm, and T is the average diameter of the colonies developed in each treatment.
Volatile assay:
To agar plates containing 5 mL PDA in glass Petri dishes (Ø= 50 mm) placed with the lid upside down was added essential oil in a small jar plugged with cotton having no direct contact with the PDA agar plates [28] . Oil doses were 0 (control), 10 and 20 µL/Petri dish. At the center of each dish was placed a 5 mm diameter disk of fungal species that had been cultivated for not less than 7 days. The plates were sealed with polyethylene film and incubated in the dark at 22 ± 2°C. Five replicates were prepared for each treatment. The colony diameter was measured after 3 days for S. sclerotiorum and S. rolfsii, and after 7 days for R. solani. In both assays, the percentage of growth inhibition by treatment was calculated as above.
Seed germination and seedling growth experiments: Seeds of
Allium porrum and Solanum lycopersicon were purchased from Semillería Agrosalta (Salta, Argentina). Seeds of Sorghum halepense (free of pesticides) were field collected. The assay seeds were selected for uniformity of size, and all undersized and damaged seeds were discarded. Germination of these seeds was tested before use and ranged from 70% to 100%. Before the bioassay, seeds were washed with tap water and the surface sterilized using NaClO (10% v/v) for 10 min, followed by several Essential oil of Chersodoma argentina Natural Product Communications Vol. 7 (1) 2012 127 washes in sterile distilled water. Herbicidal effect was studied by contact and headspace exposure assays. In both assays the oil samples and controls were randomly arranged.
Contact assay: Solutions of essential oil were prepared at different concentrations using Tween 20-water mixture (0.2% v/v) as solvent.
The assays were carried out using plastic Petri dishes (Ø= 90 mm). A sheet of Whatman Nº 1 filter paper was placed on the bottom of each Petri dish and 10 seeds of the respective plant species were placed on the filter paper. Test solution (5 mL) was added to the filter paper in the Petri dish. The same volume of Tween 20-water (0.2%v/v) solution was used as control. Petri dishes were sealed with polyethylene film to prevent escape of volatile compounds and placed in a germination cabinet at 23 ± 2°C in the dark [29] . After 7 days, the number of germinated seeds and root lengths were measured. Five replicates were prepared for each treatment [30] . Germination was measured as the percentage of seeds from which a radical emerges [27] .
Volatile assay:
The assays were carried out using plastic Petri dishes (Ø= 90 mm). A sheet of Whatman Nº 1 filter paper was placed on the bottom of each Petri dish and 10 seeds of the respective plant species were placed on the filter paper. After 5 mL of distilled water was added to each Petri dish the lids were covered with Whatman Nº 1 filter paper by wrapping tightly with transparent ribbon. The essential oil was dripped on the paper placed on the lid using a micropipette [27] . Oil doses were 0 (control), 2.5 and 5 mg/Petri dish. Petri dishes were sealed with polyethylene film and treated as above.
Statistical analysis:
The statistical significance of assay results was determined by variance analysis with the Infostat Programme. Differences between means were tested by Kruskal Wallis´s test; differences between the experiment and the control were significant with a value of p 0.05.
